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1. IIltrc)duction

. . .

"l`hc Aerosol interdisciplinary I)rogratll (AIP)was  established by NASAir]  1992[0

address the suggestion that the direct and indirect radiative effects of sulfate and other

aerosols in the troposphere, including those from biomass burning, may be sufficient on a

global basis to offset the radiative effects of’ incrcascs  in “grccnhousc”  gases. Model

calculations of these radiative effects have cmphasimd  the importance of understanding the

relative contribution of anthropogcnic  and natural sources of aerosols, transformation and

transporl  proccsscs in the atmosphere, the direct effects of aerosols in the J;arlh’s  regional

and global mdiation  budgets, and the interaction of aerosols and clouds in the Ilarth’s

radiation ba]ancc.

WhcJI AIP was formed it was intended that at the cnd of three years, the investigator

team would contribute to a cornprchcnsivc  scientific assessment’of the aerosol issue,

including their best understanding of the ncw information gathered as a result of the

research funded under that program. “1’hc present workshop is the first aucmpt to

accomplish this assessment and, perhaps more ambitiously to establish the status of our

understanding of aerosols in climate. In order to develop this understanding it is ncccssary

to become aware of research sponsored by other US agcncics and international

organi~.a(ions.  ‘1’hc agenda of the workshop wa,$ arranged to give the workshop

participants a glimpse of the rc.search suppor(cd by other agcncics.

Subsequent to that workshop, an cxtcnsivc report of the AIP investigations has been

prepared. ‘J’hc report inc]udcs a listing of related research sponsored by several national

and in[crnationa]  acl-osol  research programs and sa[cllitc aerosol climatology projects, as

well  as summaries and recommendations of the workshop subscssions.  Related programs

sponsorc.d  by other LJS agcncics  include: a’task-level listing of the Dcpamncnt  of Iincrgy

sponsored research on am osphcric  aerosols throush the Atmospheric Radiation

----
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Measurement program and the Atmospheric Chemistry P1-ograrn, a similar listing of the

1995 aerosol-related awards by National Scicncc  I~oundation  Atmospheric Chemistry

Program, and a table of the University of Miami atmospheric chemistry stations. ‘l-his

cxtcnsivc  report is available through anonymous ftp by taking the following steps:

1 ) “ftp climate. gsfc.nasa.gov”

2) user name: “anonymous”

3) password : complctc c-mail address

4) “cd /put)/thou”

2. Summaries of AIP Investigations

‘1’hc All’ invcstiga(or  (cam was organized into the following four topic areas:
‘.

● Sources of natural and anthropogcnic  aerosols

● AtmosJ>hcric  radiation effects

● Atmospheric transport and transformation proccsscs

● Mocicling and analyzing global aerosols

‘l”hc results and accomplishments of the NASA sponsored Ail) investigations are

summarized below relative to the four main topic areas. Coordinators for the topic

given in parmthcscs  following the topic area. Ail) i;i(cs[iga[ors  whose rcsu]ts arc

dcscribcd  arc also in parmthcscs  located at the cnd of (}1c description.

a. Sources of Nafliral a?zdA]lt}zro])oge~lic Aerosols (Coordinator: J. I:ishman)

are

1.aboratory  studies were conduc(cd  to test the combined effects of light and growth

rates on the rates of production of din~cthylsulfoniopropionate  (DMSP) and

7



. .

IIitnc[hylsulfidc  (DMS) by representative phytoplankton  species. Increasing light irrlensi[y

in] paCL$  positi VCI y [he production ralc of l~MS by the polar phytop]ankton  species

Phaeocystis pouchetti  , up to a saturation point for low light adapted cells. For another

spccics, the coccolithophorc  Emi/imia  huxleyi,  no relationship was observed bctwccn  the

production of DMSP and the number of dayli~,ht  hours, but lowest DMSP production was

observed at high growth rates. IIowcvcr, under nutricn[-limited  conditions, the opposite

response was observed: 10WCSI  DMSP production at the low growth rates. It is the net

effect of such environmental factors cm production rates of DMS and DMSP that is

observed under natural conditions. (P. A. Matrai)

1.aboratory  and field cxpcrirncn(s  were conducted to study the impact of

micromoplankton gra~.ing  on the cycling of phytoplankton-derived I)MSP and its

conversion to DMS. Research was focused on (WO aspects of micro zooplanklon  grazing

which were likely to play important mlcs in the formation of DMS in pelagic and coastal

marine environments: grazing of ph ytoplankton  an(i of bacteria. 1.aboratoly  cxpcrimcnts

showed that grazing of the phytoplankton  IOnilianio huxleyi 370 by the protist (Zqrrhis

marina lcd to the removal of DMSP without production of DMS. Bccausc grazing removes

a major fraction of phytop]anklon  production, this work helped explain why so litllc DMS

appeared to bc produced from algal I] MS I>. (h] the other hand, Emiliania  huxleyi  373

appeared to be capable of producing DMS bccausc  it contained the enzyme DMSP-lyasc.

Another pathway for DMS production involving marine bacteria was studied. It was

shown that marine bac[cria were able to take up and store DMSP from seawater. When

bac~cria containing DMSP Wiic gramd by flagellates, the DMSP was then mctabolimd by

the gramrs. “l’his pathway might also represent an a]tcrnativc route for metabolism of algal

IIMSP. (11. Shin, B. Shcrr, G. Wolfe, R. Kicnc)

Mctcoro]ogical  and latitudinal cffCCL$ on l~MS concentrations and on the size-

dcpcndcnt  chemical, physical, and radiative propcrlics  of aerosol  particles were sludicd
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from mcasurcmcnts  made on two cruises in the n]id-Pacific from Gulf of Alaska to

Antarctica. l’hc relative number concentration of the modes within the Marine Boundary

1.aycr  (MB1.) aerosol size distribution was found to depend on regional and mcsoscalc

meteorology. Subsidence of air from the free troposphere to the MBI. in the high and n~id-

latitudcs  resulted in the injection of ultra-firm particles to the MB1.. In the tropics, the

aerosol si~.c disltibution  rcflectcd the growth of particles from the Aitkin to the

accumulation mode size range. ‘1’hc fraction of the aerosol mass that was non-sea-salt

sulfate aerosol was highest in regions having the longcs( MB]. residence time or the largest

sulfur sources. Analysis of the Advance Very High Resolution Radiometer (AVHRR) data

showed reasonable correlation wi lb optical depth measured from the ship. There was a

diurnal behavior in aerosol size in the tropics; larger sizes in the morning and smaller sizes

in the afternoon. Ilowcvcr,  no diurnal trends were observed in the optical depth

rncasurcrncnts  either from ships or from satellite. (T. S. Bates, P. K. Quinn, P. A.

Durkec)

‘1’hc Fire Atmosphere Sampling System (};ASS)  was used to measure and charactcriz

emissions of particulate matter and trace gases from fires in various tropical ecosystems,

ranging from primary forest, slashed second-growth forest, to savanna.. Emission factors

for the release of Cl 14 for burning of savanna, slashed second-growth forest, and primary

forest were measured. It was found that emission factors for pasture burns in Bra~.ilian

Amamn were about  20% larger than that for savanna burns in Ccrrado,  Brazil. Areas of

savanna burned by fires usually release more than 8590 of the total carbon during the

flaming phase of combustion. The 1 JASS packages were also used to develop carbon

rclcasc and emission factors for fires used with shifting cultivation in southern Africa. The

active pile burns and bums of the fallow chitmcnc sites were. studied for smoke emissions.

(11. IL Ward)
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vO]CNIiC  aCrOSO]  pIOpCtlkS  were derived  from TOMS, AVIIRR, and 1 IIRS satc]]itc

nlcasurcmcnls.  ‘l’he l’roposphcric  S02  clouds produced by the ] 984 Mauna I.oa eruptions

were studied using the ‘1’OM S nlcasurcmcnts,  together with the Correlation Spcctromctcr

da[a obtained from aircraft traverses through lhc plume. The volcanic clouds of’ the 1994

Rabaul eruptions were studied usii~g  [hc AVflRR and TOMS data. Significant quantities of

icc in the volcanic clouds were identified from AVIIRR radiances. I.ow S02 concentration

was measured by TOMS. These results indicated that S02 was scavcngcd  through

cntrainrncnt  of seawater ]n the eruption column; as the column rose, the entrained water

fro~.c. Algorithms were dcvclopeci  [o dc[crminc aerosol masses from HIRS radiances and

to diffcrcntiatc ash and gas volcanic masses f]-om l“OMS and AVIIRR radiances. (G. J. S.

131ulh,  1.. S. Walter, A. J. Krueger)

A dynamic physico-chcrnical  model describing the formation, evolution, ami radiative

propcrlim of stratospheric aerosols was developed 10 study the akroso] formation and

growth in volcanic eruption plumes and clouds. It had the capability to treat the sulfur

chemistry, the formation and growth of sulfate particles and removal rate-s of silicates and

rcsidua] sulfates in volcanic clouds. S[udics  were conducted at two scales, that of aerosol

growl]]  in the who]c volcanic plume systems up to the time that the silicntc parliclc cloud

disperses by fallout and leaves m aerosol veil, and that of tl)c micro-physical proccsscs  of

sulfuric acid aerosol growth, both on silica[c  particle surfaces and by condensation. “l’he

model was dcrnons(ratcd  to be capable of simulating the characteristics of stratospheric

background and volcanic aerosols. Process s[udies were conducted to identify the relative

importance of chemical and physical mechanisms, such as nucleation, condensation,

coagulation, scdimcn~ation,  and cloud dispersion on aerosol formation and evolution in

volcanic clouds. (S. Self, J.-X. Y,hao, R. 1’. ‘1’urco)

Advances were made in carbon iso(opic mcasurcmcnts  to quantitativc]y  distinguish

fossil from biomass sources of carbonaceous gases and aerosols, using the techniques of
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Accelerator Mass Spcctromtry  (AMS) and ]sotopc  Ratio Mass Spcctromctry  (IRMS).

Studies were conducted to apportion carbonaceous aerosols among natural and

anthropogcnic  sources. Results were used to validate transpor[  models (sources-receptor

modeling). Research was conducted on long-range transpor-[cd aerosol, and on

carbonaceous aerosol in lhc polar regions anti  the cryosphcrc.  The research produced two

brcakthrou@  enhancing the power to apportion fossil and biomass carbonaceous aerosol:

(1) successful C-14 “dating” of individual polycyclic  aromatic hydrocarbon combustion

tracers; and (2) demonstration of a link bctwccn  patterns of organic combustion products

and C- 13 combustion iso[opic  fractionation. (1.. A. Curric, J. N4. Conny, R. A. ~~lctchcrj

G. A. Klouda,  R. M. Vcrkoutcrcn)

b. Atmo.@rric  RndiLItioI? l~f(’crs  (Coordin:itor:  J. Coaklcy,  Jr.)

Measurements were made of boundary layer aerosol sim ~iistribution,  scat[cring
‘.

coefficient, backscattcr  coefficient, absorption coefficient, and size-dcpcndcnt composition.

Aerosol scattering characteristics were ca]cu)atcd bmcci on the measured aerosol size

distribution and were found to be in agreement with the optical properties (scattering and

backscattcring  coefficients) measured i~~ .YiI(I Aerosol scattering characteristics were used

to calculate the optical depth of the marine aerosol boundary layer, which w:is then

comparcci  to the optical depth dcrivc~i  from spectra] differential extinction ana]y.scs from

both aircraft vcr[ical profiles and multispcc[r:il shadowban(i  radiometers located above and

below the boundary layer. Roth measured and mo(iclcci  restilts were found to agree

favor:ibly will) AV1 11-W ~icroso]  optical depth retrievals using a new aerosol model. (A. 11.

Clarke, J. N. Porlcr)

‘J’hc cloud droplet and CCN spectra were measured in the summer anti winter phases

of the Sou[hcrn  Ocean Cloud I~xpcrinlcnt (SOCI X). CCN were charactcri~.cd according to

volatility and size vs. sLl]~crsatilt~~tiol)  measurements. Results showed that cloud droplet

and CCN conccntr:itions  were low in the .SOCI;X,  and there w:is a dccisivc  diffcrcncc  in
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cloud droplet and CCN concentrations between summer and winter. CCN concentrations

were more than a factor of two higher in surnmcr  than in winter. “l’he width of the CCN

distribution in clouds with the vertical liquid water content (LWC) closer to adiabatic values

is significantly narrower than that in other clouds that do not have adiabatic I.WC values.

‘l’he size. vs. supersaturation measurements were consistent with the volatility

mcasurcmcnts.  These measurements indicated that the CCN near Australia rcscmblc  pure

solub]c  particles. Rcsu]ts  of the measurements of cloud droplet size distribution were

compamd  with that of the I~lRI; and ASI’EX. (J. I ludson)

Various SOUI-Ce and sink terms of CCN in cloudy MBL was individually and

systematically evaluated . “1’hose {ems evaluated were: nucleation and dcpositional  growth,

fractional activation, vertical and horizontal  trallspol-t, and sulfate production in haze

partic]cs.  A numcrica] mode] (1 .agrangian  Transpoll  Model) was dcvclopcd  to permit time

integration of the CCN balance equation, l’his model was used tb study the effect of salt

partic]cs on the condcnsationa]  growth of CCN. (M. Baker, D. IIcgg)

A ncw tcclmiquc  based on a combination of spectral and textural measures was

dcvclopcd  10 detect aerosols over land. The AV1 lRR data were used to dctcc[ aerosols

from biomass burning, dust storms, and forest fires. Spectral combinations and the

tcx(ura]  feature that could best diffcrc.ntiatc aerosol and LIlc underlying background cffccLs

were dctcrmincd.  11 was found from analyses of many salcllilc images  that the combination

of mxtul-al  and spectra] measures was a promising method for aerosol detection over land.

S(udics of the AV1-lRR and instantaneous scanner ERBE data showed that the aerosols
. ..-

from biomass burning and dust storms (over both land and ocean) had a net radiative

impact  of cooling ranging from -5 to -77 W m-2. (S. A. Christopher, R. M. Welch)

‘1’hc aerosol si~.c distribution, chcrnical  composition, hygroscopicity, and CCN
a

nulnbcr  and supersaturation spectra were measured in four different air masses: tropical

oceanic, Arctic haze, clean Arctic, and northern oceanic. A model of cloud activation was
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dcvclopcd  to assess the effect of CCN alterations on cloud microphysics. Results showed

that the aerosols at h41.O arc monomodal  and more. volatile than MBI. aerosols, which is

consistent with predominantly sulfuric acid at MI.0 and ammonium sulfate in the MBI..

Arcitc  haze aerosols have a large refractory fraction and a birnodal distribution with the

smaller mode around 0.05 ~lm dominaliols.  (G. 11. Shaw, R. 1.. Rcnncr)

“1’o determine what subsel of aerosol parlicles actually act as CCN, the characteristics

of ambient aerosol particles was compared with that of parliclcs incorporated into rnarinc

stratocumulus clouds in the Southcm I lcmisphcrc.  Marine stratiform clouds were sampled

from aircraft off the coast of Tasmania as part of the SOCEX. The DR1 CCN spcctrornctcr

rncasurcd arnbicnt  CCN spectra, and a countcrflow  virtual impactor  collcctcd  and

evaporated cloud droplets of different sizes. 1[ was verified that regions with near-adiabalic

1.WC near cloud base had residual nuclei spectra that would bc cxpectcd  from adiabatic

growth on the below-cloud CCN spectra. I Iighcr in the cloud, r~sidual  nuclei sj)cctra were

often indicative of cntrainrncnt  and mixing. I;lcctron  microscopic analysis showed that the

arnbicnt  accumulation and coarse-rnodc parliclcs  arc predominately sulfates with varying

[icgrccs of neutralization by ammonia. ‘1’hcsc  parliclcs did not show evidcncc of internal

mixing. (C. “1’wohy)

Balloon-borne rncasuremcnts  of the acroso] size distribution and chcnlica] and optical

properties in the mid- and upper troposphere were rnadc at W yoming at monthl y intervals

over a period of 1.5 years. ‘1’hc heated and unheated CN (condensation nuclei) and OA

(optical aerosol) mcasurcmcnts  were usc~. ~p,cstimatc  the mass fraction of the aerosol

volatile at 160 ‘C, while results from comparisons of the ncphclomctcr  nwasurerncnts were

used [o e.stimatc the light scattering coefficient associated with [hc volatile aerosol. Results

indicated that a significant fraction of the aerosol mass behaved in a manner consistent with

that of sulfuric acid, that this fraction incrcas~~  through the upper troposphere, and that the

optical properties of the aerosol were strongly iniluenccd  by the sulfuric acid cornponcnt.



Values of the sulfate scattering efficiency corresponding [o the volatilized aerosol mass

were also dcrivcci. (’1’. Dcsh]cr, J. R. Snider, G. Vali)

A detailed rnodcl of the stratocumulus-topped MB1. was dcvclopcd  that included

aerosol microphysics, turbulent transform and radiative transfer. Model simulations were

conducted to study the effect of aerosols on cloud and radiation. The simulations showed

thal the width of the aerosol sin distribution had a large impact on the size distribution of

cloud droplets. Simulations also showed that CCN concentrations in the MB1. were

strongly dependent on their production rate, so that changes in the latter could affect the

earth’s albcdo  through the effects of CCN on clouds. (P. V. Hobbs)

Satellite radiance mcasurcmcnts were used to study the impact of fires in South

Amclica on cloud micro physical and optical propcllies.  Analysis of the AVHRR data over

Amazon forest showed that quadrupling of the column concentration of smoke from
‘,

background values increased the rcftcctance  form 0.35 to 0.45 and decreased the cffeztivc

drop size from 12 ~nl to 8 ~nl for low clouds. 1 lowevcr,  no significant effect of aerosol

on cloud microphysics or on cloud rcflcctancc  was found over the drier Ccrrado region.

‘1’hc r-csul(s demonstrated the transition of srnokc effect from an incrcasc  in cloud

rcftcctancc  due to modification of cloud drop si ~C for thin clouds to a decrease in cloud

rcflcctancc  duc to absorption by the black carbon in the smoke for thick clouds. (Y. J.

Kaufman, 1.. A. Rcmcr, R. S. Fraser, B. N. 1 ]olben)

Vertical variations in aerosol mass extinction coefficients and in si~.c-dependent

aerosol micropiiyiics and chemistry were both measured in the MB1. of the polluted Norlh

Atlantic. Ilumidity  dependent comparisons bctwccn  the measured and calculated aerosol

extinction coefficients showed good agreement. ‘1’hc mass scattering coefficient cxprcsscd

per mass of su]fatc was found to vary between 5 and 16 m2 g-l. Mcasurcrncnts were also

made through a Saharan  dust layer located above a polluted boundary layer. ‘l’he mass

scattering coefficient for the dust was estimated at 1.1 n12 g-’ ]~Oth  pollulion  and dust
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layers below 4 km contributed similarly to aerosol optical depth [hat totaled aboul  0.35 for

this region. Other measurements in the dean North Pacific have found rcprcsentalivc

boundary layer optical depths to bc on the order of 0.1 with similar contributions form sca-

salt and sulfate to column optical depth. (A. D. Clarke, J. N, Porter, F. P. J. Valcro, P.

Pi]cwskic)

c. A ttw.yheric Transport and 7’ramform{]tim~  ProcessPs (Coordinator: B. “1’eon)

1,aboratory  mcasurcmcnts were made of the 112,SOd  vapor pressure above aqueous

sulfulic acid droplet.s and above aqueous (NII,l)2S04/112S04 mixtures at relative humidities

ranging from 2 to 2090. These rncasurcmcnts  showed that the cquilibriurn  112S04 vapor

pressure is rclativc]y  unaffected by the prcscncc of an~moniurn  for the ammonium to sulfate

molar ratio lCSS than about 0.5; at this point the 112S04 vapor pressure drops precipitously

by about three orders of magnitude. Field mcasurcmcnts  at Mauna 1.oa, I Iawaii and Idaho
‘.

1 lill, Colorado showed that OH, 112S04,  and ultra-fine particles followed regular diurnal

profi]cs.  ‘J’here was sys~cmatic correlation bctwccn 112S04 and ultra-fine particles,

suggesting the pallicipation of] IZS04 in the rluc]cation process. Ncw particles were

routinc]y  observed at sulfuric acid concentrations that were onc to two OI-dCrS of magnitude

below Ihc lCVCIS predicted by the binary 1120/t 12S04 nuclca[ion. Observed rates of parlic]c

production varied roughly as (112 S04]z, suggesting a collision controlled process for

nucleation. (P. 11. McMurry, 1:. 1.. Iiiselc)

Molecular-based and paramctcrin.d methods for representing aerosol proccsscs and

properties were dcvclopcd  and tcs~cd. ‘1’imc-dcpcndc.nt  and stcaci y- state solutions were

obti~incd  for sulfuric acid nucleation, permitting description of the cvo]ution  of c]ustcr

number dcnsily  and composition throughout the nucleation process. A general analytic

mprcscntation  was given of the free energy surface governing cloud droplet activation,

leading to charactcri~ation  of fluctuations in drop si~.e at the boundary bc~we.cn stahlc  and

unstable Koch]cr  regimes and thereby permitting evaluation of the statistical effects of CCN



concentration and properties on the nurnbcr of particles activated and on the cloud droplet

sim distribution. Representation of aerosol evolution and optical proper~i~s  in terms of the

moments of the radial size distribution appeared to be an accurate and efficient approach to

description of aerosol processes and properties in complex flow fields. (S. I+ Schwarlz, R.

1.. McGraw)

lmprovcmcnts were made to the laboratory cxpcrimcntal  techniques for .s[udying

heterogeneous kinetics involved in gas-lo-particle conversion processes. 1.aboratory

measurements were used to dctcrrninc  Henry’s law solubi lities  and Sctchcnow coefficients

of reduced sulfur spccics,  the temperature dcpcndcnt  accommodation cocfficicx~[ of

ammonia (NHs) on water, and the acid cataly~.cd hydrolysis of formaldehyde (CI 120) in

acidic solution. Both N] 13 and 0120  uptake have been measured over the acidities

varying from concentrated H2S04  to pI ] 13 water. ~’hc uptake results were modeled using

chemical activities, diffusion coefficients and Sctchcnow  cocffidicnts.  (D. R. Worsnop, J.

‘l’. Jaync,  C. l“L Kolb)

Shipboard nlczusurcmcnts  in [he equatorial Allantic were made to link DMS emissions

to (1IC generation of sulfate aerosol within the MBI..  II was founci that the diurnal variation

of IIMS oxidation differed with theoretical predictions made on the basis of traditional 011

radical at[ack which peaks at noon. Sornc fcaturc~  of the diurnal cycle indicated the need

for a morning reaction for I~MS, and possibly also for an afternoon reaction. 1[ was

sllggestcd that the Cl atom radicals has a very rapid reaction wi~h DMS. I’hc Cl radicals

could account for the rate of consumption of I~MS in the morning and late afternoon hours.

(R. 13. Chatficld)

A detailed box model was dcvclopcd  to simulate the formation, growth, and removal

of sulfate aerosols in the MB].. “J’hc relation bctwccn  in situ sulfate particle production and

growth and the CN and CCN number conccntra[ions  in the marine boundary layer was

examined. The mechanism of the 01 ]-initialed oxidation of I)MS was investigated by
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using sulfur field datascts  fron~ tile  Pacific and Antarctic. “l-he GID1.  global chemistry and

transpoll model was used to simu]atc the present-day distribution of antbropogcnic sulfate.

Model results agree reasonably well (within a factor of 2) with observations from North

Arncrica. The model was also used to investigate the factors governing the seasonal

evolution of the anthropogcnic  sulfate burden in various regions of the Northern

1 ]cmisphcrc rniddlc  latitudes. (P. Kasibhatla,  W. 1.. Chamcidcs,  11. l>avis)

Mcasurcrncnts  during the I.agrangian  evolution of a polluted aerosol column over the

Atlantic demonstrated that decrcascs in column concentrations were accounted for by

entrainment of clean air into a diverging polluted boundary layer flow. A time’series of

mcasurcmcn{s  at a pristine location in the equatorial Pacific (Christrn as Island)

demonstrated that the clean rnarinc  boundary layer sin distribution could bc explained by

subsidence entrainment of “new” nuclei from the free troposphere followed by

hctcrogcncous  growth, probably cnhanccd  by non-precipitating bloud cycling. Both

observations emphasized the importance of including the dynamic coupling of the boundary

layer with the free troposphere in order to interpret the evolution of tbc aerosol size

distribution and related properties. (A. 1>. Clarke)

d. Modeling and Analyzing Global  Aerosols (Coordinator: A. Robock)

A 5-year data.set of the Norma]!zcd  Diffcrcncc Vegetation lndcx (NDVI) was derived

from lSCCP CX radiances. The NIIV1 was used to relate different ccosystcm with cloud

propcrlics.  Results showed that NIJV1 had a positive correlation with cloud cffcctivc

radius and cloud cover for most regions. “1’hc possible mechanism involved was that ● . .

vegetation played a role in increasing water vapor content and decreasing aerosol amount in

the air. “J’hc indirect effect of acroso] on cloud albcdo was estimated. It was found that at

the 0.99 significant ICVCI, clouds in the Southern I lcmisphcrc  had larger droplet sizes than

did clouds  in the Nor-thcrn  IIcmisphcrc. l’hc temporal corrcla[ion  bc[wccn the cffcctivc



cloud radius and albcdo  showed that clouds over about 20% of the earth’s surface were

susceptible to the aerosol indirect effect. (Q. Han, R. M. Welch, W. 13. Rossow)

The vertical prollcs of extinction coefficient measured by the Stratosphctic  Aerosol

and Gas }xpcrimcnl (SAGE) 11 and the aerosol optical thickness derived from AV1 IRR

radiances were used to dcterrninc  the contributions of lower tropospheric (1)c1ow 6 km

alti[udc), upper tropospheric, and stratospheric aerosols to the total aerosol optical

[hickness.  The analysis was performed for the eight  seasons prjor to the eruption of Mt.

Pina[ubo  and for nine different rc.gions over the global oceans. In most cases, the

combined optical thickness of the upper troposphere and stratospbcrc  was ICSS then 0.01.

1[ was concluded that, dulyng volcanically-unpcrburbcd periods, the direct aerosol radiative

forcing is dominated by acroso]s  in the ]owcr troposphere. (J. A. ogrcn,  l). J. I lofmarm,

R. S. Stone)

daily

‘.

GO1lS-7 and GOES-8 visible and multi-spectral infrared data were used to document

biomass burning aclivilics  in SOL](11  Atncrica  and to distinguish smoldacrosol  from

other multi-level clouds and 10 W-ICVC1 moisture. ‘l-hc area] extent and transport of

snlokc/aerosols throughout [he region and over the Atlantic Ocean for the 198’8 and 1995

biomass burning seasons were catalogucd.  q“hc tcrnporal  resolution of the GOl~S data

made it possible the determination 01 the prevailing circulation and transport of aerosols by

considering a series of visible and infrared images and tracking the motion of smoke, ha~.c,

and adjacent clouds. (W. P. h4cn~.cl,  11. h4. l’rins)

~’hc sources, sinks, and transport of dcscr[ dust were investigated i;~ using  the GISS

tracer model. Dust emission was paramctcrizcd  in terms of soil moisture, surface wind

spcc(i,  soil tcx[urc, vegetation, and soil surface conditions. “1’hc output from the tracer

model in terms of [he spatial and temporal distributions of acroso] was then used as input to

the GCh4 to examine aerosol forcing. Hascd on the model results, the global mean net

radia[ivc  forcing duc to wind-blown mincl al dust was estimated to bc +0.14 W nl-2 at the
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to~~ofti~e  ailI~osphcrc, b{]t-l.OW  nl-2atticsl1rface.  ‘J’hus, nlincra] acroso]sa]tCrthC

atmospheric stability rcsu]ling in a more complex c]inlatc forcing than duc to sulfidtc

aerosols. Results from GCM simulations showed that the direct forcing of tropospheric

sulfate aerosols alone was insufficient to account for the observed global changes in diurnal

tcrnpcrature  range. (B. E Carlson, I. Fung,  J. E. IIanscn, A. A. I.acis, 1.. D. ‘J’ravis, M.

Mishchcnko)

Estimations were made of the total emissions and concentrations of sulfate and

carbonaceous aerosols so thal the direct forcing of climate can bc es[irnatcd.  To estirnatc

the aerosol indirect forcing, a method was developed for estimating the change ‘in cloud

drop]ct concentrations from increasing concentrations of CCN. Global-mean direct

radiative forcing of anthropogcnic  sulfate aerosols was estimated to bc =-().9 W nI-2, but

the magnitude of the forcing is highly dcpcndcnt  on the relative importance of the gas phase

and aqueous phase production mcchanisrn.  It was shown that a ~btal  forcing of this

magnitude is large enough to significantly impact climate and the prcdictcd  patterns of

tcmpcraturc change. Using a method of patlcrn  corrc]ation, the total forcing by

anthropogcnic  aerosols associated with industrial emissions was in the range from -1.2 to -

2.4 W III-2.  (J. Ii. Penner)

The PN1. (Battcl]c Pacific Northwest I.aboratories)  global chemistry model was

coupled to the PN1. version of the NCAR CCM2 to cstirnatc  the direct an(i indirect raciiativc

forcing duc to anthropogcnic  sulfate aerosols. “J’hc aerosol ra fliati vc propcrlics  were

paramctcrizcd  using Kohlc~,qnd Mic theory to calculate the direct radiative effects. Kohlcr

lhcory was used to dctcrminc  the equilibrium sim of an internal mixture of aerosol

components as a function of relative humidity. Rcsu]ts  showed cxccllcnt  agrccmcnt

bctwc.cn the Mic calculations and the ~)arall~ctc]i~atior~  for a variety of aerosol spccics,  for

relative humidity ranging  from O to 90%, and for surface mode radius ranging fron~ 0.01 to

1 pm. (S. J. Ghan, R. C. Easter, 1,. R, 1.cung, Y. Zhang,  R. Saylot, I.. Peter, R. Zavcri)
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3. Workshop Rccornmcndations

Studies of aerosol clima[ic  effects can be addressed from two different pcrspccLivcs:

evaluations of the effect of aerosols on current climale, and predictions of anthropogcnic

aerosol effect on future climate. The former requires information on the three-dimensional

global distribution of aerosol optical properties, while the latter requires the knowledge of

crnission,  transformation, transportation, as well as chemical, physical and optical

properties of aerosols. Therefore, the study of the aerosol-related climate problem is

inherently interdisciplinary. ‘1’he workshop recognizes and recommends that

●

●

●

●

I:urthcr laboratory and field work arc needed to study the emission sources and

physical, chemical, and isotopic transforlilation  of aerosols and their precursors.

Regional and seasonal aerosol distributions arc crucial to the study of aerosol climatic

effect, “J’hcsc distributions can be most effectively derived from concerted surf:ice,

airhornc,  and satellite measurements.

~~icld  campaigns emphasizing the closure (consistency) among aerosol vertical

distribution, chcn~ical,  physical, and optical proj>crties,  and radiative fluxes arc

critical in understanding and validating aerosol radiative forcing.

Enhanced airborne measurements of aerosol and cloud particles arc needed to advance

our knowledge of the effect of aerosols on cloud microphysical  and optical

properties.

● ..-
● l.argc-scale vcr[ical distribution of aerosols can be reliably derived from space-borne

lidar n~casurcmcnts,  which arc csscntia]  in mapping three-dimensional global  aerosol

distributions.



..

,,,,

●

I b

I ●

I ●

I ●

Retrieval of global distribution of aerosols can be op[imizcd  by synthesis of n~ulti-

scnsor satellite observations, such as AVHRR, SAGE II, “l’OMS, as well as next

gcncra[ion  sensors, such as MODIS, MISR, and EOSP.

Process-oriented chemical, microphysical,  and optical modeling at regional scales arc

essential to developing paramctcri~.ations  for use in GCM’S.

Dcvclopmcnts of GCM’S which include aerosol emission sources, and transformation

and transpoll processes arc in urgent need for the assessment and prediction of the

aerosol climatic impacts.

There is a need for tight coordination bctwccn climate modeling and mcassuremcnts to

optimim  multi variate aerosol observations for applications to climate models.

Guidance from clirnatc modelers is required in design of mcasurcmcnt .wratcgics.

‘.

Compilations of aerosol data bases arc nccdcd  so that they can bc more easily

acccsscd by the scientific community.

The interdisciplinary nature of the aerosol-climate problcm  requires coordination and

collaboration of national and international programs and agcncics.

l’hc workshop agenda was dcvclopcd  through collaboration with collcagucs:  IX. Jack

Kayc, NASA IIcadquartcrs;  Dr. Ken 13crgman,  NASA 1 lcadquartcrs; Dr. M. Patrick

McCorn~ick,  NASA l.ang]cy Research Center; and Professor Robert Charlson, lJnivcrsity

of Washington.
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